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Description 

[0001] The present invention relates in particular to a 
spindle motor to be used in a hard disk drive means. 
[0002] The spindle motor of a hard disk drive means 
employs grease or oil as a lubricant applied to the rolling 
bearing. 

[0003] The lubricant will be splashed and dispersed 
during the rotation ol the motor in high speed. Resulting 
finely dispersed lubricant or oil mist is apt to get into the 
disk enclosure of the hard disk drive means. Further, fine 
dust suspended in the atmosphere tends to get through 
the bearing assembly into the disk enclosure. This oil 
mist or dust causes the malfunction of the hard disk drive 
means. 

[0004] In other words, oil mist or dust adhered to the 
magnetic disk or the magnetic head causes crushing of 
the magnetic disk and the magnetic head. 
[0005] In order to prevent such oil mist or dust from 
getting into the disk enclosure, a number of counter- 
measures have been taken by those skilled in the art. 
These countermeasures include using a magnetic fluid 
and using a labyrinth seal of such structure as shown in 
Fig- 9. 

[0006] However, when magnetic fluid is employed, 
the magnetic fluid filling the gap between the shaft or 
spindle and a magnetic fluid bearing plate tends to shift 
radially outwardly under the effect of centrifugal force. 
Further, the magnetic fluid sometimes splashes under 
the effect of locally effected air pressure differentials. 
[0007] In an example of a labyrinth seal illustrated in 
Fig. 9, recessed pockets Ilia and 1Mb are formed on the 
opposite surfaces of a hub I (a rotational member) and 
a base li (a stationary member). In the structure of the 
labyrinth seal of Fig. 9, the cost for machining and mold- 
ing parts of the motor is relatively high. 
[0008] Accordingly, the object of the present invention 
is to provide a spindle motor having a sealing means 
which can easily be assembled into the motor, provides 
a sufficient sealing effect, and for which the cost of ma- 
chining and molding parts of the sealing means can be 
reduced. 

[0009] These and other objects are achieved by a 
spindle motor including a base to which a spindle is se- 
cured to extend therefrom, a rotor hub through the cen- 
tral portion of which a vertical bore is provided, and a 
bearing assembly interposed between the spindle and 
the bore of the rotor hub, wherein a plurality of toroidal 
sealing plates spaced axiaily by a slight gaps si and s2 
are disposed between the spindle and the vertical bore 
of the rotor hub above and/or below the bearing assem- 
bly such that the outer or inner peripheral portion of each 
plate is secured to the inner peripheral portion of the 
bore of the rotor hub or the outer peripheral portion of 
the spindle so as to leave a slight radial gaps between 
the inner or outer peripheral portion ol each plate and 
the outer peripheral portion of the spindle or the inner 
peripheral portion of the bore of the rotor hub to make 



each sealing plate uncontacted with the spindle or the 
bore, wherein the radial gaps are positioned alternately 
on the side of the spindle or on the side of the bore of 
the rotor hub. 

s [0010] Alternatively, a spindle motor includes a base 
to which a spindle is secured to extend therefrom, a rotor 
hub through the central portion of which a vertical bore 
is provided, and a bearing assembly interposed be- 
tween the spindle and the bore of the rotor hub, wherein 
a plurality of toroidal sealing plates spaced axiaily by a 
slight gaps s1 and s2 are disposed between the spindle 
and the vertical bore of the rotor hub above and/or below 
the bearing apparatus such that the outer or inner pe- 
ripheral portion of each plate is secured to the inner pe- 
ripheral portion of the bore of the rotor hub or the outer 
peripheral portion of the spindle so as to leave slight ra- 
dial gaps between the inner or outer peripheral portion 
of each plate and the outer peripheral portion of the spin- 
dle or the inner peripheral portion of the bore of the rotor 
hub to make each sealing plate uncontacted with the 
spindle or the bore, wherein the radial gaps are posi- 
tioned alternately on the side of the spindle or on the 
side of the bore of the rotor hub., and wherein a toroidal 
magnetic field generator is secured at its outer periph- 
eral portion to the vertical bore of the rotor hub, and a 
magnetic fluid is sustained within a radial gap left be- 
tween the inner periphery of the generator and the outer 
peripheral surface of the spindle under the effect of the 
magnetic force of the generator. 
[001 1 ] Further feature of the present invention will be- 
come apparent to those skilled in the art to which the 
present invention relates from reading the following 
specification with reference to trie accompanying draw- 
ings, in which: 

Fig. 1 is an enlarged sectional view showing a motor 
of the first embodiment of the present invention, in 
which (a) illustrates a longitudinal sectional view, 
and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 2 is an enlarged sectional view showing a motor 
of the second embodiment of the present invention, 
in which (a) illustrates a longitudinal sectional view, 
and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 3 is an enlarged sectional view showing a motor 
of the third embodiment of the present invention, in 
which (a) illustrates a longitudinal sectional view, 
and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 4 is an enlarged sectional view showing a motor 
of the fourth embodiment of the present invention, 
in which (a) illustrates a longitudinal sectional view, 
and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 5 is an enlarged sectional view showing a motor 
of the fifth embodiment of the present invention, in 
which (a) illustrates a longitudinal sectional view, 
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and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 6 is an enlarged sectional view showing a motor 
of the sixth embodiment of the present invention in 
which (a) illustrates a longitudinal sectional view, 
and (b) illustrates a further enlarged sectional view 
of the important portion of the motor; 
Fig. 7 is an enlarged sectional view showing a motor 
of the seventh embodiment of the present invention 
m which (a) illustrates a longitudinal sectional view,' 
and (b) illustrates a further enlarged seclional view 
of the important portion of the motor; 
Fig. 6 is an enlarged sectional view showing a motor 
of the eighth embodiment of the present invention 
m which (a) illustrates a longitudinal sectional view,' 
and (b) illustrates a further enlarged seclional view 
of the important portion ot the motor; 
Fig. 9 is a longitudinal sectional view showing a lab- 
yrinth seal of the prior art. 

The first embodiment of the invention 

[001 2] The first embodiment of the present invention 
will now be described with reference to Fig 1 wherein 
reference numeral 1 is attached to a base including a 
flange 2, reference numeral 3 is attached to a stational 
spindle secured on the base 1 so as to extend therefrom 
and reference numeral 4 is attached to a rotor hub hav- 
ing a magnetic disk supporting portion 5. A vertical bore 
6 is prov.ded through the central portion of the rotor hub 
so that the spindle 3 extends therethrough 
[0013] Reference numeral 7 is attached to stator 
yokes disposed radially around a boss 8 formed on the 
central portion of the upper surface of base 1 reference 
numeral 9 is attached to a stator coil wound around each 
stator yoke, and reference numeral 1 0 is attached to ro- 
tor magnet or magnets secured on an inner peripheral 
surfaceof a rotoryork 12providedon an inner peripheral 
surface of a skirt 11 depending from the lower end of the 
rotorhub 4. There are cbse tolerance between the outer 
peripheral surfaces of stator yokes 7 and the inner pe- 
ripheral surfaces of the magnet or magnets 
[0014] A pair of ball bearings comprising inner and 
outer races 13a and 13b and balls interposed therebe- 
tween are installed between central bore 6 of rotor hub 
4 and stational spindle 3. The bearings are spaced apart 
by means of a cylindrical spacer 1 5 interposed therebe- 
tween. 

[0015] In the motor of this embodiment, rotor hub 4 
rotates around stational spindle 3 when energized 
[001 6] The motor in accordance with the first embod- 
iment of the invention includes a labyrinth seal including 
a plurality of toroidal sealing plates between the upper 
end portion of spindle 3 and the upper portion of vertical 
bore 6 of rotorhub 4. The structure of the labyrinth seal 
will be described hereinbelow in detail 
[0017] The spindle 3 includes a reduceddiameterpor- 
tion 3a on its upper end, and the bore 6 of the rotor hub 



includes larger diameter portions 6a and 6b in two- 
stepped manner. Three sealing plates are disposed to 
torm the labyrinth seal. 

[0018] The first sealing plate 16a is secured at its out- 
er periphery on a shoulder provided by the first larger 
diameter portion 6a of the vertical bore of the rotor hub 
so as to leave a slight radial gap between the inner 
surface of the first sealing plate and the outer surface 
of the upper and larger diameter portion of the spindle 
™, V f, °° n,ac,in 9 01 ^ se a"ng plate and the spindle 
10019] The second sealing plate 1 6b is secured at its 
inner penphery on a shoulder provided by the reduced 
diameter portion 3a of the spindle so as to leave a slight 
radial gap between the outer surface of the second 
toroidal sealing plate and the inner surface of the first 
larger d.ameter portion 6a of the vertical bore of the rotor 
rn n ^ aVO ' d con,ac,in 9 of the sealing plate and the bore 
[0020] Further, the third sealing plate 1 6c is secured 

20 ^ I 5 ,™™ peripner y 0,1 a shou| der provided by the sec- 
ond larger diameter portion 6b of (he bore of the rotor 
hub so as to leave a slight radial gap 03 between the 
inner surface of the third sealing plate and the outer sur- 
face of the reduced diameter portion 3a of the spindle 
to avoid contacting of the sealing plate and the spindle 
There are also axial gaps s, and s 2 between the sealing 
p ates to avoid these plates from contacting with each 
other. A labyrinth is thus formed by these radial and axial 



[0021] Each sealing plate is adapted to be secured to 
30 either of the spindle or the bore of the rotor hub by 
means of the press fitting or adhesive. 
[0022] Reference numeral 28 is attached to recesses 
prov.ded around the outer peripheral surface of the spin- 
as ,k The ' nner race of each bearing can be secured to 
the spindle by means of adhesive applied to the recess- 
es. 

[0023] Reference numeral 29 is attached to a shield 
plate attached at its outer periphery to the outer race of 
each beanng. The inner periphery of the shield plate 
"0 does not contact with the inner race of each bearing 
[0024] In the motor of this embodiment, the unse- 
cured end of each sealing plate does not contact with 
the spindle or the bore of the rotor hub as mentioned 
above. In this connection, no f rictional torque will be pro- 
duced between elements. Further, no particles will be 
produced by friction between elements of motor The 
labyrinth provided by the sealing plates, the spindle and 
the bore of the rotor hub will prevent the mist of the 
grease applied on the ball bearings from flowing there- 
so out. 



The second embodiment of the invention 



[002S] The second embodiment of the present inven- 
tion will now be described with reference to Fig 2 The 
motor of the second embodiment is substantially the 
same in its rotational mechanism as that of the first em- 
bod,ment. However, the structure of the labyrinth seal 
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of the motor of the second embodiment is essentially 
different from that described above with respect to the 
first embodiment of the invention. 
[0026] The labyrinth seal of the motor of the second 
embodiment is formed of a spindle 3 having at its top 
end two-stepped reduced diameter portions 3a and 3b, 
a vertical bore 6 of a rotor hub having at its upper end 
a larger diameter portion 6a, and three sealing plates. 
[0027] The first sealing plate 16a is secured at its in- 
ner periphery to the first reduced diameter portion 3a of 
the spindle. There is a slight radial gap between the 
outer periphery of the first sealing plate and the inner 
surface of the bore 6 so that these elements remain un- 
contacted. 

[0028] The second sealing plate 16b is secured at its 
outer periphery to the larger diameter portion 6a of ver- 
tical bore 6 of the rotor hub. There is a slight radial gap 
ccg between the inner periphery of the second sealing 
plate and the outer surface of the first reduced diameter 
portion 3a of the spindle so that these elements remain 
uncontacted. 

[0029] The third sealing plate 16c is secured at its in- 
ner periphery to the second reduced diameter portion 
3b of the spindle. There is a slight radial gap a 3 between 
the outer periphery of the first sealing plate and the inner 
peripheral surface of the second larger diameter portion 
6b of the vertical bore of the rotor hub so that these el- 
ements are remained uncontacted. There are axial gaps 
s 1 and s 2 between the sealing plates to avoid these 
plates from contacting with each other. A labyrinth is 
formed by these radial and axial gaps. The third embod- 
iment of the invention 

[0030] The third embodiment of the present invention 
will now be described with reference to Fig. 3. In the 
motor of the third embodiment, an additional labyrinth 
seal is provided by a plurality of sealing plates between 
the lower end portion of the spindle 3 and the lower part 
of vertical bore 6 of rotor hub 4. The remaining structure 
of the motor of this embodiment is substantially the 
same as that of the first embodiment. 
[0031] The additional labyrinth seal of the motor of the 
third embodiment is formed of a spindle 3 having at its 
bottom end a reduced diameter portions 3a', the vertical 
bore 6 of a rotor hub having at its lower end a larger 
diameter portions 6a' and 6b' in two-stepped manner 
and three sealing plates. 

[0032] The first sealing plate 1 6a' is secured at its out- 
er periphery to the first larger diameter portion 6a' of ver- 
tical bore 6 of the rotor hub. There are a slight radial gap 
a-, between the inner periphery of the first sealing plate 
and the outer surface of the spindle so that these ele- 
ments remain uncontacted. 

[0033] The second sealing plate 16b' is secured at its 
inner periphery to the reduced diameter portion 3a 1 of 
the spindle. There is a slight radial gap between the 
outer periphery of the second sealing plate and the inner 
peripheral surface of the first larger diameter portion 6a' 
of the vertical bore of the rotor hub so that these ele- 



ments remain uncontacted. 

[0034] The third sealing plate 16c' is secured at its 
outer periphery to the second larger diameter portion 6b' 
of vertical bore of the rotor hub. There is a slight radial 

5 gap 03 between the inner periphery of the third sealing 
plate and the outer peripheral surface of the reduced 
diameter portion 3a' of the spindle so that these ele- 
ments are remained uncontacted. There are axial gaps 
s-, and s 2 between the sealing plates to avoid these 

10 plates from contacting with each other. A labyrinth is 
formed by these radial and axial gaps. 

The fourth embodiment of the invention 

75 [0035] The embodiment illustrated in Fig. 4 employs 
a bearing assembly of the special structure developed 
by the applicant. 

[0036] The bearing assembly does not employ ball 
bearings of the prior art structure. The bearing assembly 
includes an outer race provided by a cylindrical sleeve 
17. 

[0037] The spindle is formed as a stepped shaft in- 
cluding a larger diameter shaft portion 3* and a reduced 
diameter shaft portion 3" formed at the upper portion 
thereof. The outer surface of the reduced diameter shaft 
portion 3" is provided with a knurled portion 18 : and an 
inner race 1 9 is fitted on the knurled portion and fixed 
thereto by means of adhesive. 

[0038] Balls 22 are interposed between an outer pe- 
ripheral rolling contact groove 20 of the inner race 19 
and an inner peripheral rolling contact groove 21 of the 
sleeve 17. 

[0039] In addition, balls 25 are interposed between an 
outer peripheral rolling contact groove 23 formed 
around the larger diameter shaft portion 3' of the spindle 
and a corresponding inner peripheral rolling contact 
groove 24 formed on the inner peripheral surface of the 
sleeve. 

[0040] The bearing assembly is adapted to be mount- 
ed to the rotor hub in such a manner that the sleeve 17 
thereof is fitted into the vertical bore 6 of the rotor hub 
4 and secured thereto. 

[0041] In the fourth embodiment of the present inven- 
tion, provided between the upper portion of the spindle 
3 and the upper portion of the vertical bore 6 of the rotor 
hub 4 is a labyrinth seal of the same structure as that 
described with reference to the first embodiment i.e. that 
formed of a plurality of toroidal sealing plates. 
[0042] In other words, the fourth embodiment of the 
present invention includes a reduced diameter portion 
3a formed additionally on the upper end of the reduced 
diameter shaft portion 3" of the spindle 3, two-stepped 
larger diameter portions 6a and 6b formed on the inner 
periphery of the vertical bore 6 of the rotor hub, and three 
sealing plates. The first sealing plate 16a is secured at 
its outer periphery to the first larger diameter portion 6a 
of the vertical bore of the rotor hub. There is a slight 
radial gap a, between the inner periphery of the first 
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sealing plate and the outer peripheral surface of the re- 
duced diameter shaft portion 3" of the spindle so that 
these elements remain uncontacted. 
[0043] The second sealing plate 16b is secured at its 
inner periphery to the reduced diameter portion 3a of 
the spindle. There is a slight radial gap Oj between the 
outer periphery of the second sealing plate and the inner 
peripheral surface of the first larger diameter portion of 
the vertical bore of the rotor hub so that these elements 
remain uncontacted. 

[0044] The third sealing plate 1 6c is secured at its out- 
er periphery to the second larger diameter portion 6b of 
the vertical bore of the rotor hub. There is a slight radial 
gap 03 between the inner periphery of the third sealing 
plate and the outer peripheral surface of the reduced 
diameter portion 3a of the spindle so that these ele- 
ments are remained uncontacted. There are slight axial 
gaps s, and s 2 between the sealing plates to avoid these 
plates from contacting with each other. A labyrinth is 
formed by these radial and axial gaps. 
[0045] A pair of shield plates are attached at theiroul- 
er periphery to both upper and lower end of the sleeve 
The inner periphery of each shield plate does not con- 
tact with the surface of the spindle. The fifth embodiment 
of the invention 

[0046] Although the embodiment illustrated in Fig 5 
is same in its bearing assembly and the mechanism of 
the rotational parts as those of the fourth embodiment 
the structure of the labyrinth thereof is different from that 
of the fourth embodiment. 

[0047] In other words, the upper end portion of the re- 
duced diameter shaft portion 3" of the spindle 3 is 
formed as a two-step structure including first and sec- 
ond reduced diameter portions 3a and 3b The upper 
end portion of the vertical bore 6 of the rotor hub is coun- 
tersunk to provide a larger diameter portion 6a Three 
sealing plates are used. 

[0048] The first sealing plate 1 6a is secured at its in- 
ner periphery to the first reduced diameter portion 3a of 
the spindle. There is a slight radial gap a, between the 
outer periphery of the sealing plate and the inner periph- 
eral surface of the vertical bore 6 of the rotor hub so that 
these elements remain uncontacted. 
[0049] The second sealing plate 16b is secured at its 
outer periphery to the larger diameter portion 6a of the 
vertical bore of the rotor hub. There is a slight radial gap 
Oj between the inner periphery of the sealing plate and 
the hrst reduced diameter portion 3a of the spindle so 
that these elements remain uncontacted. 
[0050] The third sealing plate 1 6c is secured at its in- 
ner periphery 1o the second reduced diameter portion 
3b of the spindle. There is a slight radial gap a 3 between 
the outer periphery of the sealing plate and the inner 
peripheral surface of the second larger diameter portion 
6a of the vertical bore of the rotor hub so that these el- 
ements remain uncontacted. There are slight axial gaps 
s, and s 2 between the sealing plates. A labyrinth is 
formed by these radial and axial gaps. 



The sixth embodiment of the invention 

[0051] The embodiment illustrated in Fig. 6 is the sixth 
embod.ment of the invention in which an additional lab- 
yrinth seal formed of a plurality of toroidal sealing plates 
is provided between the lower end portion of the spindle 
3 and the lower portion of vertical bore 6 of the rotor hub 
4. The sixth embodiment is substantially the same in 
other respects as those of the fourth embodiment 
™ [0052] In the structure of this embodiment, the spindle 
3 mcludes at its lower end a reduced diameter portion 
3a , the lower end portion of the bore 6 of the rotor hub 
includes two-stepped larger diameter portions 6a' and 
6b , and three sealing plates are used. 
'5 [0053] The first sealing plate 16a' is secured at its out- 
er periphery to the first larger diameter portion 6a' of the 
vertical bore of the rolor hub. There is a slight radial gap 
a, between the inner periphery of the first sealing plate 
and the outer peripheral surface of the spindle so that 
20 these elements remain uncontacted. 

[0054] The second sealing plate 1 6b' is secured at its 
inner periphery to the reduced diameter portion 3a' of 
the spindle. There is a slight radial gap Og between the 
outer periphery of the second sealing plate and the inner 
penpheral surface of the first larger diameter portion 6a' 
of the vertical bore of the rotor hub so that these ele- 
ments remain uncontacted. 

[0055] The third sealing plate 16c' is secured at its 
outer periphery tothesecondlargerdiameterportion 6b' 
of the vertical bore of the rotor hub. There is a slight 
radial gap a 3 between the inner periphery of the third 
sealing plate and the outer peripheral surface of the re- 
duced diameler portion 3a' of the spindle so that these 
elements remain uncontacted. There are axial gaps s 
* and s 2 between the sealing plates. A labyrinth is formed 
by these radial and axial gaps. 

The seventh embodiment of the invention 



[0056] The seventh embodiment of the invention 
wherein a labyrinth seal and a magnetic fluid sealing 
means are incorporated is illustraled in Fig. 7. The struc- 
ture of the seventh embodiment is substantially the 
same .n other respects as those of the first embodiment 
[0057] In this embodiment, a toroidal magnetic fluid 
beanng plate 26 made of magnet is secured at its outer 
peripheral edge to the larger diameter portion 6a pro- 
vided on the upper portion of vertical bore 6 of the rotor 
hub. There is a slight radial gap between the inner pe- 
riphery of the bearing plate and the outer peripheral sur- 
face of the spindle so that these elements remain un- 
contacted. The radial gap is adapted to be filled with 
magnetic fluid 27 under the effect of the magnetic force 
provided by the magnetic fluid bearing plate 
ss [0058] A toroidal sealing plate 16 is fitted at its inner 
peripheral edge onto the outer periphery of reduced di- 
ameter portion 3a formed on the upper end of the spin- 
dle. There is a slight radial gap a between the outer pe- 
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riphery of the sealing plate and the inner peripheral sur- 
face of vertical bore 6 of the rotor hub so that these el- 
ements remain uncontacted. 

[0059] As can be seen from above, a sufficient sealing 
effect is obtained by means of a dual sealing means in- 
cluding the labyrinth seal and the magnetic fluid sealing 
means provided between the upper portion of the spin- 
dle and the upper part of the bore of the rotor hub. 

The eighth embodiment of the invention 

[0060] The eighth embodiment of the invention 
wherein a labyrinth seal including a pair of sealing plates 
and a magnetic fluid sealing means are incorporated is 
illustrated in Fig. 8. The structure of the eighth embodi- 
ment is substantially the same in other respects as those 
of the seventh embodiment. 

[0061] In this embodiment, a toroidal magnetic fluid 
bearing plate 26 made of magnet is secured in its outer 
peripheral edge to the first larger diameter portion 6a 
provided on vertical bore 6 of the rotor hub. There is a 
slight radial gap between the inner periphery of the bear- 
ing plate and the upper outer peripheral surface of the 
spindle 3 so that these elements remain uncontacted. 
The radial gap is adapted to be filled with magnetic fluid 
27 under the effect of the magnetic force provided by 
the magnetic fluid bearing plate. 
[0062] A toroidal first sealing plate 16a is fitted at its 
inner peripheral edge onto the outer periphery of re- 
duced diameter portion 3a of the spindle. There is a 
slight radial gap a, between the outer periphery of the 
sealing plate and the inner peripheral surface of first 
larger diameter portion 6a of vertical bore 6 of the rotor 
hub so that these elements remain uncontacted. 
[0063] The second sealing plate 16b is secured at its 
outer periphery to the second larger diameter portion 6b 
of vertical bore 6 of the rotor hub. There is a slight radial 
gap ct2 between the inner periphery of the sealing plate 
and the reduced diameter portion 3a provided on the 
upper end of the spindle so that these elements remain 
uncontacted. The first and second sealing plates are 
spaced axially slightly by axial gap s. 
[0064] In the motor of this embodiment, the space de- 
fined between the upper portion of the spindle and the 
upper portion of the bore of the rotor hub is adapted to 
be sealed by means of the labyrinth seal including a pair 
of sealing plates, so that the sealing effect to be obtained 
by this embodiment is better than that of the seventh 
embodiment. 

[0065] In accordance with the present invention the 
outflowing of grease or particles of grease applied to the 
bearing can be prevented by means of a labyrinth seal 
including radial and axial gaps formed by a plurality of 
sealing plates disposed between the spindle and the 
vertical bore of the rotor hub. 

[0066] There is no contact between the unsecured 
end (i.e. the inner or outer periphery) of the sealing 
plates and the surface of the spindle or the bore opposite 



thereto. In this connection, the sealing plate or plates 
will provide the following advantages. 

(a) No frictional torque will be generated between 
s the sealing plate and the spindle or the bore of the 

rotor hub. 

(b) Wearing of the sealing plate and producing of 
particles due to wearing can be prevented, so that 
the durability and the lifetime of the sealing plate will 

10 be increased. 

(c) No frictional heat will be produced. 

(d) Generation of frictional vibrations can be pre- 
vented. 

(e) No frictional noise will be produced. 

(f) Power loss of the motor due to friction can be 
avoided. 

(g) The energy required for driving the motor can be 
decreased to be able to save energy. 

[0067] The toroidal sealing plates can be produced 
easily, precisely, and economically through such a meth- 
od as press-cutting. The sealing plates can be handled 
easily. The assembling operation of the seating plates 
into spindle and/or the rotor hub can be effected easily 
so that the cost for assembling can be reduced. 
[0068] The labyrinth seal of the motor of the present 
invention does not require the recessed pockets as 
shown in Fig. 9 illustrating the prior art motor. In this con- 
nection, the cost for machining and molding parts of the 
motor can be saved, so that the cost for manufacturing 
the motor can be reduced. 

[0069] The frictional heat generated in the bearing ap- 
paratus will be dissipated through radial gaps and axial 
gaps to prevent the motor from overheating. 
[0070] While particular embodiments of the present 
invention have been illustrated and described, it should 
be obvious to those skilled in the art that various chang- 
es and modifications can be made without departing 
from the scope of the invention. 



Claims 

1 . A spindle motor including a base (1 ) to which a spin- 
dle (3) is secured to extend therefrom, a rotor hub 
(4) through the central portion of which a vertical 
bore (6) is provided, and a bearing assembly inter- 
posed between the spindle (3) and the bore (6) of 
the rotor hub (4), wherein a plurality of toroidal seal- 
ing plates (16a, 16b, 16c) spaced axially by slight 
gaps (S-,, S 2 ) are disposed between the spindle (3) 
and the vertical bore (6) of the rotor hub (4) above 
and/or below the bearing assembly such that an 
outer or inner peripheral portion of each plate (1 6a, 
16b, 16c) is secured to an inner peripheral portion 
(6a, 6b) of the bore (6) of the rotor hub (4) or an 
outer peripheral portion (3a, 3b) of the spindle (3) 
so as to leave a slight radial gap (04, otg, 03) be- 
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tween the inner or outer peripheral portion of each 
plate (16a, 16b, 16c) and the outer peripheral por- 
tion (3a, 3b) of the spindle (3) or the inner peripheral 
portion (6a, 6b) of the bore (6) of the rotor hub (4) 
to make each sealing plate (16a, 16b, 16c) uncon- s 
tacted with the spindle (3) or the bore (6), and 
wherein the radial gaps (a v a 2 ,a 3 ) are positioned 
alternately on the side of or adjacent the spindle (3) 
or on the side of or adjacent the bore (6) of the rotor 
hub (4). 10 

2. A spindle motor according to claim 1 wherein a 
toroidal magnetic field generator (26) is secured at 
its outer peripheral portion to the vertical bore (6) of 

the rotor hub (4), and a magnetic fluid (27) is sus- is 
tained within a radial gap left between an inner pe- 
riphery of the generator (26) and an outer peripheral 
surface of the spindle (3) under the effect of a mag- 
netic force of the generator (26). 

20 

3. A spindle motor including a base (1 ) to which a spin- 
dle (3) is secured to extend therefrom, a rotor hub 
(4) through the central portion of which a vertical 
bore (6) is provided, and a bearing assembly inter- 
posed between the spindle (3) and the bore (6) of 25 
the rotor hub (4), wherein a toroidal sealing plate 
(16) is disposed between the spindle (3) and the 
vertical bore (6) of the rotor hub (4) above and/or 
below the bearing assembly such that an outer or 
inner peripheral portion of said plate (16) is secured 30 
to an inner peripheral portion (6b) of the bore (6) of 

the rotor hub (4) or an outer peripheral portion (3a) 
of the spindle (3) so as to leave a slight radial gap 
between the inner or outer peripheral portion of said 
plate (16) and the outer peripheral portion (3a) of 35 
the spindle (3) or the inner peripheral portion (6a) 
of the bore (6) of the rotor hub (4) to make said seal- 
ing plate (16) uncontacted with the spindle (3) or the 
bore (6), and wherein a toroidal magnetic field gen- 
erator (26) is secured at its outer peripheral portion 40 
to the vertical bore (6) of the rotor hub (4). and a 
magnetic fluid (27) is sustained within a radial gap 
left between an inner periphery of the generator (26) 
and the outer peripheral surface of the spindle (3) 
under the effect of a magnetic force of the generator 45 
(26). 



ings comprises inner and outer races (13a, 13b) 
and balls (14) interposed between the races (13a, 
1 3b), and said bearings are spaced apart by means 
of a spacer (15) disposed between the outer races 
(13b) of said bearings. 

i. A spindle motor according to any one of claims 1 to 
4 wherein said spindle (3) is formed as a stepped 
shaft including a reduced diameter shaft portion (3") 
formed at a first portion thereof and a larger diam- 
eter shaft portion (3 1 ) formed at a second portion 
thereof, an outer peripheral surface of said larger 
diameter shaft portion (3') is formed directly with a 
rolling contact groove (23), said bearing assembly 
including a cylindrical sleeve (17) having formed on 
an inner peripheral surface thereof spaced rolling 
contact grooves (21 , 24) serving as outer races, an 
inner race (19) fitted on the reduced diameter shaft 
portion (3") of the spindle (3), first balls (22) inter- 
posed between a rolling contact groove (20) of the 
inner race (1 9) and a first rolling contact groove (21 ) 
of the sleeve (17), and second balls (25) interposed 
between said rolling contact groove (23) formed 
around the larger diameter shaft portion (3*) of the 
spindle (3) and a corresponding second rolling con- 
tact groove (24) formed on the sleeve (17). 



A spindle motor according to claim 3 wherein said 
sealing plate (16) is secured to the outer peripheral 
portion (3a) of said spindle (3) so as to leave a slight so 
radial gap between the outer peripheral portion of 
said plate (16) and the inner peripheral portion (6a) 
of the bore (6) of the rotor hub (4) to make said seal- 
ing plate (16) uncontacted with the bore (6). 

55 

A spindle motor according to any preceding claim 
wherein said bearing assembly includes a pair of 
upper and lower ball bearings, each of these bear- 
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(54) A spindle motor and motor bearing seal therefor 



(57) .Hard disc drive spindle motor comprising a 
base with a stator yoke and coils and a stationary spin- 
dle (3) mounted thereon. A rotor (4) with a bore (6) is 
mounted for rotation about the spindle (3) by two spaced 
bearings each including a row of balls (14) and axially 
located by a cylindrical spacer (15). A plurality of toroidal 
sealing plates (16a, 16b, 16c) separated by axial gaps 
(S 1f S 2 , S 3 ) are each connected to either an enlarged 
diameter portion (6a, 6b) of the bore (6) or a reduced 



diameter portion (3a) of the spindle (3) and separated 
from the other of the bore (6) and the spindle (3) by a 
radial gap ( o^, Og, a 3 ) the radial gaps being alternately 
adjacent the bore (6) and the spindle (3) to form a lab- 
yrinth path through the seal. The seal may alternatively 
include one or two sealing plates in combination with an 
annular magnetic plate fixed to the bore (6) and acting 
to hold magnetic fluid between the spindle (3) and the 
magnetic plate. 
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